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. *1.65 million from Richmond and Fullerton (1986) . Subdivision of Pleistocene time are informal and are as follows: late Pleistocene is 10 to 132 ka, middle Pleistocene is 132 to 788 ka, and early Pleistocene is 788 to 1,650 ka (Richmond and Fullerton, 1986) . their lithologies reflect those of the bedrock in the upstream areas. Low-lying areas of the map unit are prone to periodic flooding. Deposits along Mamm Creek contain more sand and silt than those along the Colorado River. Clasts are mostly subangular to rounded sandstone and basalt. Deposits of sandy silt are prone to extensive piping and gullying.
The unit locally includes small alluvial-fan and debris-flow deposits (Qfy), low terrace deposits that are commonly less than 5 m above modern stream level, and sheetwash deposits (Qsw). The upper part of the unit may be a complex of cut-and-fill deposits of Holocene and late Pleistocene(?) age. The lower part of the unit is probably equivalent, at least in part, to the younger terrace alluvium (Qty), which is of late Pleistocene age.
The unit is tentatively correlated with deposits in terrace T8 of Piety (1981) along the Roaring Fork River between Glenwood Springs and Carbondale, Colo. Sand and gravel has been mined at several places in unit Qfp along the Colorado River. Thickness along the Colorado River is about 5-10 m (Colorado Highway Department, unpub. data, 1992) and is greater than 6 m along Mamm Creek
Qty
Younger terrace alluvium (late Pleistocene)-Stream alluvium that underlies terrace remnants that are about 9-12 m above the Colorado River and about 15 m above Mamm Creek.
Along the Colorado River the lower part of the unit consists mostly of a poorly sorted, clast-supported, slightly bouldery, pebble and cobble gravel that has a sand matrix.
Where deposited by minor tributary streams on the north side of the Colorado River, the upper 10 m of the unit commonly consists of sand to sandy silt that contains lenses and as much as 50-cm-thick beds of cobbly pebble gravel to pebbly sand. Clasts in the lower part of the unit are commonly subrounded to rounded and are derived from a variety of sedimentary, igneous, and metamorphic rocks in the upstream areas. Where deposited by minor tributary streams, the clasts in the upper part of the unit are mostly sandstone.
Along Mamm Creek, the unit is mostly a poorly sorted, clast-supported, slightly bouldery, cobble and pebble gravel that has a sand matrix. Clasts are chiefly subrounded to rounded sandstone and basalt and a minor amount of siltstone and marlstone. The unit is overlain in part by about 2-3 m of loess (Qlo) and locally by younger fan-alluvium and debris-flow deposits (Qfy) and undivided alluvium and colluvium (Qac). Unit Qty is probably equivalent in part to outwash of the Pinedale glaciation, which is about 12-35 ka (Richmond, 1986, chart 1A) . Unit Qty is tentatively correlated with deposits in terraces T7 and T6 of Piety (1981) along the Roaring Fork River between Glenwood Springs and Carbondale, Colo., and with deposits in terraces A and B of Bryant (1979) farther upstream between Woody Creek and Aspen, Colo. Exposed thickness is 11 m along the Colorado River and 5 m along Mamm Creek; maximum thickness along the Colorado
River is possibly 20 m of the underlying gravel. The morphologic development of the soil suggests that the unit is of Bull Lake age (Hall and Shroba, 1993; Nelson and Shroba, 1998) and may be about 140-150 ka (Pierce and others, 1976; Pierce, 1979) or about 130-300 ka (late middle Pleistocene; Richmond, 1986, chart 1A) . Locally, there is buried soil formed in the lower of two loess sheets that locally mantle the unit. The unit is tentatively correlated with deposits in terraces T5 and T4 of Piety (1981) along the Roaring Fork River between Glenwood Springs and Carbondale and with deposits in terrace C of Bryant (1979) Locally, the unit is moderately to weakly cemented by fine-grained calcium carbonate.
Clasts consist of subangular to subrounded basalt and minor sandstone. The maximum clast diameter ranges from 0.5 to 1.5 m. Unit appears to be in part laterally equivalent to older terrace alluvium (Qto) and is distinctive by consisting chiefly of basaltic boulders and cobbles. Unit probably represents local flood deposits from a basalt-rich source area. for shrinking and swelling, and may be prone to hydrocompaction. The unit locally contains boulders as long as 2.5 m; some of the larger boulders were probably deposited by debris flows. In general, the unit is nonbedded to poorly bedded; beds are commonly less than 1 m thick. Near the mouth of Mamm Creek the unit is mostly sand, silt, and clayey silt (Colorado Highway Department, unpub. data, 1992) . Clasts are commonly angular to subangular sandstone north of the Colorado River and are angular to subrounded sandstone and basalt south of the Colorado River. The unit forms fans that are undissected and that were deposited chiefly by small intermittent streams graded to the flood plains of modern streams (Qfp) and locally to the tops of terraces that are underlain by younger terrace alluvium (Qty). Locally, the unit includes sheetwash deposits (Qsw) and colluvium (Qc) and probably hyperconcentrated-flow deposits.
Surface is locally subjected to flooding and debris-flow deposition. Unit may be locally prone to hydrocompaction. Although older fan deposits were not identified in the map area, the unit is named younger fan and debris-flow deposits because it is correlative with younger fan deposits (Qfy) mapped in the adjacent New Castle quadrangle where older fan deposits are also mapped (unit Qfo of Scott and Shroba, 1997 (Shroba, 1996) . The unit is mostly poorly sorted, clast-supported, slightly bouldery pebble and cobble gravel that has a sandy silt matrix and poorly sorted, cobbly, sandy pebble gravel to pebbly silty sand. Stream alluvium is locally present near the top of the unit and commonly consists of poorly sorted, poorly stratified, clast-supported, slightly bouldery to bouldery, cobbly pebble gravel that has a sand matrix, and lenses of cobbly pebble gravel and pebble gravel. Some of these clast-supported deposits could be hyperconcentrated-flow deposits.
The alluvium is mostly stream-channel deposits that are about 2-4 m thick. The soil at the top of the unit consists of a stage IV K horizon 90 cm thick that overlies a stage III K horizon 10 cm thick and a stage II Bk horizon 50 cm thick. No buried soils were noted in the unit. The unit overlies the Wasatch Formation, but near its lower limit in the adjacent Rifle quadrangle , it overlies unmapped oldest terrace alluvium (Qtt) that is about 180 m above the Colorado River. Unit Qdo is mantled by greater than 1 m of loess (Qlo) and may be similar in age to the high-level basaltic alluvium in the nearby New Castle quadrangle (unit Qtba of Scott and Shroba, 1997 (Tweto, 1979) , and large areas of exposed sandstone in the Canyonlands region in southeastern Utah (Whitney and Andrews, 1983) . However, the relatively high content of very fine sand and coarse silt and the relatively high ratio of coarse silt to total silt (about 0.7) of the unweathered loess suggest (1) a relatively short distance of eolian transport and (2) that the flood plain of the Colorado River, which aggraded primarily during glacial times in response to glacial and periglacial activity upstream, is the likely source of much of the loess (Shroba, 1994 Pleistocene age, and (2) the underlying loess sheet accumulated during an interval that ended shortly after 140-150 ka and is partly or entirely of latest middle Pleistocene age (Pierce and others, 1982) . Exposed thickness is 1-6 m; unit is commonly 1-4.5 m thick. At some of these localities the base of the lower unit is similar to the Ohio Creek Formation of Tweto and others (1978) or to the Ohio Creek Member of the Williams Fork Formation of Johnson and May (1980) . In the absence of dated palynomorphs in the map area and because of the sparsity of conglomerate that contains volcanic clasts at the base of the lower unit, the age of the rocks mapped above the base of the lower unit remains mostly undetermined. A minor angular unconformity is present at Rifle Gap, 1 km to the northwest along the hogback, where Wasatch Formation strata, which contains rare rhyolitic pebbles, dip about 10 o more than the underlying Mesaverde Group strata.
Carbonaceous films and clasts commonly found in the lower unit may be reworked from the Williams Fork. Although there is no evidence of an angular unconformity in this map area, the presence of minor reworked (?) coal fragments and sparse conglomerates that do not contain rhyolitic clasts suggests that there may be a minor unconformity below the lower unit. However, given the difficulty of determining the age of the strata mentioned above, the nature and age of such an unconformity is also questionable. (Kirkham and others, 1996) . The Cozzette and Corcoran Sandstone Members were mapped as a combined unit, as they were in the New Castle quadrangle by Scott and Shroba (1997) and in Storm King Mountain quadrangle by Bryant and others (1998) .
Members of the Wasatch Formation were mapped following the stratigraphic framework provided by Donnell (1969) , which describes Wasatch units exposed south of Rifle Gap, which is 1 km west of the Silt quadrangle along the Grand Hogback. At that locality, Donnell recognized equivalents of the Shire, Molina, and Atwell Gulch Members. These units have been mapped from the Rifle quadrangle across the Silt quadrangle to the New Castle quadrangle . 
STRUCTURE
The Silt quadrangle extends from the Grand Hogback monocline to the southeastern part of the Piceance basin. In the central part of the map area, the Wasatch Formation forms the shallow Rifle syncline and shows no evidence of deformation related to the Divide Creek anticline, which ends about 19 km southeast of the map area (Gunneson and others, 1995) . From the Rifle syncline toward the northwest, the unfaulted Paleocene to Eocene Wasatch Formation and underlying Upper
Cretaceous Mesaverde Group gradually increase in dip to form the Grand Hogback monocline, which reaches dips greater than 60 o and locally reaches nearly vertical in the western part of the Grand Hogback.
Along the dip slope of the Grand Hogback where southwest dips are greater than 60 o , segments of the Grand Hogback are overturned. In each case, the overturned segments affect only the uppermost part of the Williams Fork Formation and the overturned segments are uphill from landslide deposits (Qls) (Scott and Egger, 1997) . We attribute the overturning to local gravitational processes that induced landsliding, not to regional tectonic processes. Because there is not a significant angular unconformity at the base of the Paleocene and Eocene Wasatch Formation and because the upper part of the Wasatch Formation has been deformed by the uplift, this last phase of Laramide deformation must have persisted at least until early Eocene (Tweto, 1975) . Although units in the map area overlie older strata affected by evaporite tectonism in the Rifle Falls quadrangle adjacent to the north (unpublished mapping by R.B. Scott and A.E. Egger, 1997) , the intervening Mancos Shale has apparently absorbed the strain related to diapirism and geologic collapse related to evaporite dissolution (Scott and others, 1998) , and no evidence of this tectonism exists in the map area.
GEOLOGIC HAZARDS
Geologic hazards in the map area include erosion, expansive and collapsing soils, debris flows, and flooding. Erosion includes mass wasting, gullying, and piping. Mass wasting involves any rock or surficial material that moves downslope under the influence of gravity, such as landslides, debris flows, or rock falls and is generally more prevalent on steeper slopes. Gullying and piping generally occur on more gentle slopes. Expansive soils and expansive bedrock are those unconsolidated materials or rocks that expand when wet and contract when dry. Most floods are restricted to low-lying areas. Table 3 summarizes the geologic hazards that are prone to occur on or in geologic units in the map area. Where rock units and surficial units in the Silt quadrangle occur on steep slopes, mass wasting is common. Most of these rock units that are prone to mass wasting have low shear strength, either because they are clay rich or because they have planes of weakness parallel to bedding planes or jointing. As a result, landslides and creep are common. The term "landslide," as used in this report, includes several mechanisms of rapid to slow mass transport of surficial and bedrock material downslope. These mechanisms (Varnes, 1978) commonly produce debris-slide, rock-slide, debris-slump, rock-slump, slumpearth-flow, earth-flow, and debris-flow deposits in the map area. These deposits are indicated on the map by symbols Qls (landslide deposits), Qd (debris-flow deposits), and Qc (colluvium, undivided). These deposits were identified and mapped both by their geomorphic features observed on aerial photographs and by field observations. These geomorphic features and field observations include distinctive hummocky topography, deflection of stream channels at the toes of deposits, headwall scarps, lobate form of the deposits, differences in vegetation on these deposits compared to adjacent stable areas, material found downslope from their sources, and overturned strata along the dip slope of the Grand Hogback. The map unit Qc locally includes old coalesced landslide and debris-flow deposits that are no longer mappable as separate units because their geomorphic expression has been obliterated by erosion.
Landslide and debris-flow deposits are commonly derived from shale-or mudstone-rich units in the stratigraphic sequence, specifically (1) the Wasatch Formation (Tw), (2) the upper part of the Williams Fork Formation (Kwf), (3) the lower part of the underlying Iles Formation (Ki) and the upper member of the Mancos Shale (Kmu), and (4) surficial deposits (Qac, Qls, Qc, Qd, Qfy, and Qp) derived from these bedrock units.
Few landslides formed on the Wasatch Formation in the map area even though this unit is prone to extensive landsliding in the nearby Center Mountain quadrangle (Carroll and others, 1996) . Apparently, slopes and relief in most of the map area underlain by the Wastach Formation are low enough to be relatively stable. Gullying commonly occurs in well-sorted, poorly consolidated, silty and sandy alluvial, colluvial, and eolian deposits where runoff is concentrated, such as in the ruts formed in dirt roads. Gullying is more pronounced in undivided alluvium and colluvium (Qac) and in loess (Qlo). Piping was observed in undivided alluvium and colluvium and in loess. Poorly consolidated eolian, alluvial, and colluvial deposits (units Qlo, Qfy, Qsw, and Qd) are subject to hydrocompaction.
The upper member of the Mancos Shale (Kmu) locally contains bentonitic smectite-rich beds and is locally overlain by expansive soils. These bentonitic units and soils can expand significantly when wet and contract when dry; these properties tend to disrupt building foundations and other structures. Where strata containing different amounts of smectite dip steeply, as they do in the Silt quadrangle, the detrimental effects are often more pronounced than if the strata were nearly horizontal because of uneven heaving of foundations and other structures (Noe and Dodson, 1995; Noe, 1996) . Colluvial and some alluvial deposits derived from these units may also have expansive characteristics.
Flooding is generally restricted to low-lying young surficial units, but also occurs on higher units such as younger fan-alluvium and debris-flow deposits (Qfy). Construction of permanent structures on flood-plain and stream-channel deposits (Qfp) should be avoided to avert the potential of flooding along the Colorado River, on undivided alluvium and colluvium (Qac) along Mamm Creek and Dry Hollow Creek, and along unnamed intermittent streams north of the town of Silt.
ENVIRONMENTAL ISSUES
The principal environmental issues in the Silt quadrangle are related to past coal mining along the Grand Hogback. Numerous coal mines were active during the latter part of the 19 th century and the early part of the 20 th century along the Grand Hogback (Gale, 1910; Fishell, 1979) . Although the environmental impact of many of these mines (adits shown on the map) has been moderated by on-going reclamation by the State of Colorado, Department of Natural Resources, scattered coal mine tailings are still common in the map area. Organic debris and acid mine waters from these unreclaimed mines is carried in stream flow in washes southwestward and northeastward off the hogback. Numerous baked zones in the Mesaverde Group (Kmvb) adjacent to clinker zones are shown on the map.
GEOLOGIC RESOURCES
Geologic resources in the Silt quadrangle include coal, gas and oil, and sand and gravel. Coal mining in the Silt area began by 1888 and continued intermittently until recently (Gale, 1910; Fishell, 1979) . No active mines exist in the map area.
Petroleum in the form of methane produced by coal beds is being extracted from the sandstones of the Iles Formation, mostly from the Rollins Sandstone Member (Kir). The one gas-producing well was drilled to a depth of 2,508 m in the map area. Four dry holes were drilled to depths between 27 and 1,874 m.
Abundant sand and gravel in the Silt quadrangle are present in the lower parts of the flood-plain and stream-channel deposits (Qfp), younger terrace alluvium (Qty), and older terrace alluvium (Qto) along the Colorado River. Less abundant and (or) lower quality deposits are present in other stream deposits along the Colorado River and its major tributaries and in pediment deposits (Qp). Coarse clastic material (mostly pebbles and cobbles) in stream-channel deposits is commonly overlain by sandy and silty overbank and eolian deposits; these sandy and silty deposits are more common along tributaries and in the upper parts of stream deposits along the Colorado River. Most of the pebbles and cobbles deposited along the Colorado consist mostly of sandstone, gneiss, quartzite, basalt, granitic intrusive rocks, limestone, and dolomite clasts; those clasts deposited by tributary streams are mainly sandstone and locally a minor amount of basalt. Two deposits have been mined, but other areas of abundant reserves exist under land primarily used for agriculture.
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